Background
Acute heart failure refers to a group of clinical syndromes due to either new-onset heart failure (HF) or decompensation of chronic HF with symptoms necessitating hospitalization, emergency department visits, or unscheduled medical attention [1] . Heart failure is a growing problem resulting in significant morbidity and mortality and is the most common cause of hospital admissions in the United States resulting in approximately 1.1 million hospitalizations annually [2] [3] [4] .
Common causes of ADHF are coronary artery disease (CAD) or valvular abnormalities. However, most patients hospitalized with ADHF have a worsening of preexisting HF, while up to 20 % of patients have no prior diagnosis of HF [5] .
Patients with ADHF typically present with symptoms that range in severity from mild volume overload to lifethreatening cardiogenic shock and multi-organ failure [6] . A general goal in the management includes improved symptoms with hemodynamic stabilization and increased use of evidence-based therapies to reduce recurrent hospitalization and mortality.
Based on the recent American College of Cardiology/American Heart Association guidelines for the diagnosis and management of heart failure, patients who are refractory to diuretics should be managed with vasodilators as first-line therapy in the absence of symptomatic hypotension or systolic blood pressure of less than 90 mmHg. These guidelines also state that the use of intravenous positive inotropic agents is a valid option to improve contractility for hospitalized patients with heart failure who have evidence of low ejection fraction, hemodynamic compromise, cardiogenic shock, or decreased organ perfusion [7] . Of note, the clinical practice guidelines of the Heart Failure Society of America [8] and the European Society of Cardiology [9] have similar recommendations to that of the American College Cardiology/American Heart Association. Positive inotropic agents, on the other hand, have not been shown to reduce length of hospital stay or mortality when added to standard care [10] . Additionally, milrinone and dobutamine have also been shown to be proarrhythmic and cause more symptomatic hypotension in randomized controlled trials compared to standard care [11] . Several observational studies including that of the Acute Decompensated Heart Failure National Registry (AD-HERE) have also shown increases in mortality with inotropes when compared with vasodilator therapy [12] . However, data about trends of inotropic agents use in ADHF patients over a period of time is lacking.
We analyzed predictors of overall use of positive inotropic agents and associated outcomes in patients hospitalized with acute decompensated heart failure over 22-years period.
Methods

a. Study setting
This study was conducted in Heart hospital, Doha, Qatar. Heart Hospital is committed to deliver safe, high quality care in cardiology and cardiothoracic surgery for the residents of Qatar, nationals and expatriates where more than 95 % of cardiac patients are being treated in the Hospital, making it an ideal center for observational-based studies. 
Results
The study included 8066 patients, of whom 858 patients received inotropic agents. Baseline characteristics of the study population hospitalized with ADHF are displayed in Tables 1 and 2 . The study patients were racially diverse; fewer patients in the inotropic group were Asians but more Middle-Eastern Arabs. Patients receiving inotropes were more likely to be female (38.9 % vs. (Table 4) . Table 5 shows multivariate logistic regression analysis; the adjusted odds of being treated with any positive inotropic agent were highest in patients who were a history of hypertension (OR: 1.66, 95 % CI: 1.10 to 2.5) or having chronic renal impairment (OR: 1.76, 95 % CI: 1.19 to 2.6) or preserved ejection fraction (OR: 1.92, 95 % CI: 1.27 to 2.9) after adjusting age, gender, hyperglycemia, obesity, ethnicity and old myocardial infraction.
Multivariate analysis
In terms of evidence-based discharge medications, more patients in the inotropic support received betablockers at discharge and but ACE inhibitors when compared to patients who did not receive inotropes agents (Table 6) .
Discussion
This 22-year observational study of patients hospitalized with HF demonstrates 10.6 % need to use inotropic agents. Patients who received inotropic agents were older, more likely to be female, local Arabs rather than Asians with worse cardiovascular risk profile. Inotropic agents group were more likely to present with acute coronary syndrome when compared to the non-inotropic agents group. Interestingly, low left ventricular ejection fraction and BNP were not predictors of its use.
The current observation of inotropic agents use is consistent with that reported from the ADHERE Registry, which reported ≈ 10 % use of inotropic agents in patients hospitalized for ADHF in the United States. It is also consistent with other reports in the literature, which varied from 3 to 12 % [4, 12, 18] . Interestingly we report significant increase of inotropic support over the 22 years period, which may suggest hospitalization of "sicker" patients, while patients with less severe heart failure are increasingly managed in the outpatient setting.
Predictors of inotropic agents use
Our study found that the strongest predictors of inotrope use were hypertension and chronic renal impairment. Based on data from ADHERE Registry, about 9.6 % of patients hospitalized for ADHF in the United States received an intravenous inotrope (either milrinone or dobutamine). Such patients tended to have more severe disease, including lower blood pressure, lower ejection fraction, and higher blood urea nitrogen. The use of inotropes in the context of normal ejection fraction in our study is also striking because this signifies an overuse of inotropic medications, a fact that is consistently discouraged. Based on (ADHERE) Registry, out of more than 150,000 patients, fewer than 3 % had a systolic BP of <90 mmHg while approximately 50 % had a preserved systolic function. [19] However, about 14 % of the patients in ADHERE were treated with an intravenous inotropic agent indicating an overuse of such agents. Many studies have revealed that the use of inotropic agents may be associated with increased mortality, especially in patients with preserved left ventricular function. Therefore, it is recommended that positive inotropes only be used in patients who require inotropic support for low cardiac output. However, better LVEF observed in inotropic group in our study may be explained by the susceptibility of these patients to a sudden drop in ejection fraction, even though small, compared to patients pre-conditioned to chronic low ejection fraction. Moreover, our study patients were not stratified based on other reversible conditions like sepsis or infection that can lead to an increase in demand and where the use of inotropes is assumed to improve outcomes.
One of the strongest predictors of inotrope use in our study was hypertension. Large multicenter registries revealed that about 70 % of patient hospitalized with ADHF have fluid overload, normal to elevated blood pressure with relatively preserved end-organ function, and no evidence of cardiogenic shock [4, 6, 20] . Therefore, the use of inotropes, with the main goal of improving end-organ perfusion, in such patients is not rational. Of note, for the majority of patients with ADHF with normal or elevated systemic blood pressure, there are no data to support a role for inotropic therapy. In this context, it is worth mentioning that 9 % of patients in the ADHERE Registry received a positive inotrope (dobutamine or milrinone), although only 2 % of patients were hypotensive. This means that more than 75 % of patients had no clinical indication for their use signifying an overuse of such medications.
Based on the European Society of Cardiology guidelines for the diagnosis and treatment of acute HF, patients with ADHF can be classified into one of six groups based on the clinical presentation [9] . The first 3 categories of patients comprise more than 90 % of ADHF presentations. These patients normally have relatively preserved left ventricular function with signs and symptoms of pulmonary edema and hypertension. Regardless, these findings emphasize the need for welldesigned prospective trials to further establish the appropriate use of intravenous inotropic therapy in this population of patients.
The presence of renal dysfunction is relatively common in heart failure and can reduce the adequacy of diuresis. Renal dysfunction in our analysis was a strong predictor of inotropic use. This observation can be explained by the fact that when increases in intravenous boluses or infusions of loop diuretics and addition of metolazone does not lead to an adequate diuretic response, facilitation of diuresis may be enhanced by inotropic therapy by presumably improved renal blood flow through modest increases in cardiac output [21] . Moreover, at our institution, low-dose dopamine is used in combination with diuretic therapy, on the supposition that it can increase renal perfusion and subsequent diuresis. In general, patients with clinical evidence for endorgan hypoperfusion are mostly referred to as having a low output state. While hypotension is classically considered a powerful predictor of this hemodynamic profile, clinical exam findings may inaccurately identify such patients who may not even present with hypotension [22] Of note, patients with long standing heart failure, low output states can be associated with more subtle clinical findings, such as nausea, abdominal pain, slowed mentation, and fatigue [23] . An extremely important clinical finding indicating impaired end-organ perfusion is worsening renal function (so-called cardiorenal syndrome), a finding that usually occurs after initiating intravenous loop diuretics [24] . More recent data suggest that many patients with cardiorenal syndrome have a relatively preserved cardiac output and hypertension making them amenable to treatment with inotropes [25] .
Outcomes
Our analysis provides data that focus on outcomes related to the mortality of patients treated with inotropic medications. This consideration is important when comparing our results to other published studies evaluating mortality. Inotropic therapy in certain studies has been shown to have detrimental effects [5, 10, [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] , although another meta-analysis was unable to confirm this view [37] . In ADHERE registry; more than 65,000 patients from 263 centers across the United States admitted with heart failure were retrospectively analyzed. Data were utilized to describe the management trends and outcomes of those patients. Based on the registry, use of short-term vasodilator therapy was associated with significantly lower in hospital mortality when compared to positive inotropic treatment. A propensity score matching was used to adjust for confounding factors when comparing patients in both arms. Similarly, the impact of intravenous inotropic therapy on mortality in patients hospitalized with ADHF has been validated in the Outcomes of a Prospective Trial of Intravenous Milrinone for Exacerbation of Chronic Heart Failure (OPTIMECHF) study. In this placebo-controlled, randomized, doubleblind clinical trial, the use of intravenous milrinone when compared to placebo was associated with a higher rate of early treatment failure, sustained hypotension (10.7 % vs. 3.2 %, p < 0.001), and new onset atrial fibrillation or flutter (4.6 % vs. 1.5 %, p=0 .004) [10] . There were no improvements in total days hospitalized, symptomatic relief, or mortality with milrinone compared with placebo. Our analysis revealed that intravenous inotrope use was associated with a significant increase in the risk of mortality. This risk association could not be attributed to the use of inotropic medications. Therefore, controlling for other potential risk factors as possible using a propensity scoreadjusted multivariable analysis would be better utilized to conclude a significant worse prognosis with the independent use of inotropes compared with the other group. Of note, in terms of predictors of in-hospital mortality, of the 39 variables examined in ADHERE, the strongest predictor was a blood urea nitrogen (BUN) of 43 mg/dL or higher. This was followed by a systolic blood pressure of less than 115 mmHg and a SCr of 2.75 mg/dL or greater.
In-hospital mortality in the inotrope-treated patients in our study was close to 31 %. In ADHERE, patients treated with Inotrops had a high mortality rate (19 %) than all other non-inodilator-treated patients (14 %) or patients with preserved ejection fraction not treated with inotropes (2 %) [12] . Proposed mechanisms of increased mortality with inotropes in our study include in-hospital events such as tachyarrhythmias or subclinical myocardial ischemia and apoptosis through increased sympathetic stimulation and intramyocardial calcium accumulation with the use of inotropes. Additionally, many studies have revealed that the use of inotropic agents may be associated with increased mortality, especially in patients with preserved left ventricular function, which is also consistent with our observations. The use of intravenous inotropes increased over the last years despite the absence of a reasonable indication with a trend in increasing mortality.
In addition to evaluating the in-hospital mortality rate, our study also considered other relevant end points, such as complications of inotropic support, length of CCU stay, and length of hospital stay. As opposed to the results of (OPTIME-CHF), our analysis revealed lower incidence of atrial fibrillation in patients treated with inotropic support. This fact is interesting as patients in this group had more cardiovascular risk factors for developing atrial fibrillation. However, patients on inotropes had more episodes of ventricular tachycardia and cardiac arrest; associated rhythm was ventricular fibrillation. We infer that to the use of inotropic agents that are known to trigger ventricular tachyarrhythmia as such complications have been confirmed in randomized trials of inotropic agents versus placebo or vasodilator [38, 39] . Therefore, the use of such medications warrant close monitoring and correction of any cause that can contribute to development of arrhythmias. Length of CCU stay and overall hospital stay was longer in patients treated with inotropic medications group. This result is consistent with other registries. For example, patients who received inotropic agents in ADHERE had more than double the length of stay (12.9 vs. 5.8 days; P < 0.0001) compared with those who were not treated with inotropes. Moreover, in a subgroup analysis of ADHERE, patients with preserved systolic function treated with inotropic agents had longer length of hospital stay (12.9 vs. 5.8 days; P < 0.0001) and more than nine-fold increase in mortality rate (19 vs. 2 %; P < 0.0001) compared with patients who did not receive inotropes [40] .
One of the important goals in the management of patients with ADHF is to implement the use of evidencebased therapies to reduce recurrent hospitalization and mortality, which include angiotensin converting enzyme (ACE) inhibitors and beta-blockers [41] . According to our analysis, more patients in the inotropic support received beta-blockers but less ACE inhibitors compared to no inotropes group (Table 6 ). This can be explained by the fact that patients in the inotropic support had more tachy-arrhythmias that augmented the use of beta-blockers. . Of note, ACE inhibitors provide rapid improvement in hemodynamics and renal function that may facilitate the subsequent initiation of betablockers.
Limitations of the study
Our study had several limitations. First, it is historical and observational in design with its inherent limitations including missing data or measurement errors. Additionally, patients were not randomly assigned to the treatment groups and, as a result, both groups differed in demographics and disease-associated factors related to the outcomes of interest. Because it is not possible to identify and adjust for all possible factors, the differences between patients in both group and the influences of other nonmeasured factors cannot be totally excluded. However, we controlled for between-group differences through multivariate analysis that took into consideration differences in baseline demographics and diseaseassociated factors related to the predictors of inotropes use. We also did not categorize patients based on the inotropic medication given. The study design cannot also overcome a bias from the inclusion of a select group of severe patients who may have been channeled to the inotropic support group with subsequent worse outcomes. Additionally, our database did not include clinical data of left ventricular ejection fraction and BNP throughout 22 years, which are important determinants of inotrope use and thus may contribute to improved risk adjustments.
Conclusion
Conventional cardiac risk factors predict the use of inotropic support in heart failure patients. However, there was some overuse of inotropes in patients with hypertension and preserved ejection fraction. Inotopic agents use increased over the years.
